ABSTRACT Mosquitoes that do not oviposit their entire batch of eggs in one location, but choose instead to oviposit a few eggs in several different sites exhibit skip oviposition. Although skip oviposition may ensure the greater distribution of progeny from an individual female and reduce sibling competition, it also uses greater maternal energy reserves, may increase the risk of adult female mortality and does not reduce other competition. To test the hypothesis that female Aedes aegypti (L.) do not oviposit all of their eggs at one time and place, we examined females collected with an aspirator resting inside houses in Thailand. Females (n ϭ 384) were dissected and the stage and number of developing oocytes were enumerated. If skip oviposition is a common behavior among female Ae. aegypti, one would expect to Þnd signiÞcantly fewer mature eggs (ChristophersÕ stage V) in gravid females than developing oocytes in half-gravid females (ChristophersÕ stage IIIaÐIVb). No signiÞcant differences were found between ovaries containing immature or mature ooctyes, even when the data were stratiÞed by female body size and when immature ooctyes that potentially could undergo resorption (ChristophersÕ stages IIIaÐIIIb) were excluded from the analysis. We found no evidence that skip oviposition over several days is a common behavior among domestic populations of Ae. aegypti at the end of the rainy season in this region of Thailand.
THE OVIPOSITION BEHAVIOR of Aedes aegypti (L.) , the primary vector of yellow fever and dengue viruses, is an important factor that may impact the dispersal (Edman et al.1998) , ßight range, survival, and longevity of this mosquito. Knowledge of oviposition behavior also may be used to improve surveillance and control of this important vector.
Results from controlled laboratory studies, using caged females exposed to small oviposition containers of uniform size, indicate that Ae. aegypti tend to disseminate eggs from the same batch among several containers (Fay and Perry 1965 , Chadee et al. 1990 , Corbet and Chadee 1993 , Chadee 1997 ) and tend to avoid ovipositing in containers that already have larvae from the same female or those of conspeciÞcs (Chadee et al. 1990) . It is thought that females exhibit this strategy to beneÞt their offspring by decreasing sibling competition and distributing risk. Although this strategy has a certain logic, it is counter-intuitive from the perspective of adult survival and conservation of energy reserves. If a female Þnds a large and appropriate oviposition site, it may be more beneÞcial for her to lay all of her eggs in that one site rather than expending energy reserves searching for additional sites. Mogi and Mokry (1980) Þrst coined the term "skip oviposition" to describe the behavior of Wyeomyia smithii Coquillet females that distributed their eggs from the same batch among several different pitcher plants during hovering ßight. Similar behavior has been observed in small containers in laboratory studies with Ae. aegypti (Fay and Perry 1965 , Chadee et al. 1990 , Corbet and Chadee 1993 . Field evaluation of skip oviposition by Ae. aegypti is limited to three studies (Chadee and Corbet 1987 , Apostol et al. 1994 , Reiter et al. 1995 . During a preliminary study in Trinidad, Chadee and Corbet (1987) assumed that female Ae. aegypti were depositing only a fraction of their total egg batch in containers due to the small number of eggs (Ͻ30) found in those containers. Apostol et al. (1994) used RAPD-polymerase chain reaction (PCR) Þngerprints to identify families from Þeld-collected eggs to estimate the number of families in individual oviposition containers at 26 locations in San Juan, Puerto Rico. These authors reported an average of 4.65 different families per ovitrap, with a small number of individuals (mean ϭ 6.72 eggs or 10.95 eggs after adjusting for mortality) present within each family.
In a brief report, Reiter et al. (1995) offered 90 females rubidium labeled blood meals and released them in a Puerto Rican community. The rubidium content of eggs collected from ovitraps was measured at 24-h intervals beginning from 40 to 139 h postfeeding in an 840-m-diameter study area to evaluate adult dispersal. The average distance from the central release point in which ovitraps containing rubidium labeled eggs were found over the entire study period was 181 m. The authors found 17.4% of the total ovit-raps (1,000) contained Յ10 eggs, leading them to conclude that females with an average of 120 eggs deposited 1Ð11 eggs in a relatively large number of sites (12Ð120 containers), which could be found over a ßight range of Ϸ360 Ð3,600 m. The study design did not allow direct assessment of whether the majority of containers (82.6%) that had a large number of eggs (Ͼ10) contained eggs from one or multiple females. The results from this Þeld study are not consistent with other studies that indicated that Ae. aegypti normally disperse Ͻ200 m (Morlan and Hayes 1958 , Sheppard et al. 1969 , Mcdonald 1977 , Tripis and Hauserman 1986 .
The impetus for the current project was to further investigate, using a different approach, whether Ae. aegypti distribute their eggs among many sites. We reasoned that if Þeld-collected females do not deposit all their eggs in one site, then we should capture some females that had deposited some of their eggs but still have retained some mature eggs. Therefore the mean number of mature eggs (ChristophersÕ stage V) would be signiÞcantly lower than the mean number of developing oocytes in females with eggs in ChristophersÕ stages IIIaÐIVb. This comparison was used as a simple indirect measure of whether females engage in skip oviposition behavior under natural Þeld conditions in Thailand.
Materials and Methods
Collections. Mosquitoes were collected from houses at the end of the rainy season in Villages 2 (13Њ 39Ј N, 101Њ 17.3Ј E) and 6 (13Њ 39Ј N, 101Њ 17.8Ј E), Hua Sam Rong subdistrict, Thailand (Pleangyao District, Chachoengsao Province). Collections were made from 0800 to 1600 hours on 17 dates in October and November 1998. A modiÞed vacuum aspirator (National MC 3500 Airpower 170, 1,000 W, Bangkok, Thailand) was used to capture mosquitoes resting on walls, clothing, water jars, ant traps, and other surfaces inside houses. This provided a representative sample of all physiological stages resting indoors during the day. Captured mosquitoes Þrst were anesthetized with carbon dioxide and then placed on wet ice. Although there are many potential breeding sites under and around houses in Thailand, we frequently found larvae in ant traps, water jars and bathroom basins within the houses themselves. Comparisons of indoor and outdoor resting collections have demonstrated that 77% of all females in Thailand and 90% in Puerto Rico were collected indoors (Scott et al. 2000) . In other studies that employed a comparison of indoor and outdoor resting and human biting collections conducted in Thailand, 98 Ð99% of all female Ae. aegypti collected were captured indoors (Russell et al. 1969 , Gould et al. 1970 .
Dissections. Houses were selected at random for each collection day and all female Ae. aegypti captured in those houses were chilled on wet ice and dissected within 24 h. All physiological stages were examined, including females with full blood meals. Ovaries from each female were removed on a glass microscope slide in distilled water. Females with primary follicles at previtellogenic ChristophersÕ stages GÐIIb (Clements and Boocock 1984) were not included in the evaluation. Those with early stage IIIa also were excluded because we could not determine distinct developing oocytes. Eggs from ChristophersÕ late IIIa stage to fully mature at ChristophersÕ stage V with chorion were counted and recorded according to their stage of development (Christophers 1911, Clements and Boocock 1984) .
Body Size Estimates. The right wing of each mosquito was removed and taped to a glass microscope slide for wing length measurement as an estimate of body size. Wing lengths were measured from the axillary incision to the apical margin, excluding the fringe scales, as described by Nasci (1990) . A digital scanner and palette (Sigma Scan ScientiÞc Measurement System, Jandel ScientiÞc, Corte Madera, CA) attached to a dissecting microscope Þtted with a camera lucida were employed to record measurements.
Comparisons. The number of developing (ChristophersÕ stages late IIIa-IVb) versus mature oocytes (ChristophersÕ stages V) were compared. Oocyte counts also were stratiÞed by female body size to overcome potential bias due to greater oocyte numbers in females of large body size (Clements 1992 ). In addition, we considered those stages that could potentially be resorbed. Clements and Boocock (1984) demonstrated that if follicles degenerate, the majority do so in ChristophersÕ stages IIIaÐIIIb, and rarely in stages IVaÐIVb. Consequently, data were compared for those specimens with stage IVaÐIVb versus stage V oocytes.
Data Analysis. The normality of data were assessed using the KolmogorovÐSmirnov test. Statistical comparisons were made with two-sample StudentÕs t-test and one-way analysis of variance (Sokal and Rohlf 1981) . Linear regression analysis was employed to compare the relationship between oocyte number and female winglength (a measure of body size) (Sokal and Rohlf 1981) . males examined had oocytes in previtellogenic stages GÐII or early IIIa and were excluded from analysis. Of those females with oocytes in stages late IIIaÐV, most females had eggs at stage V (37.5%); fewest were at late stage IIIa (7.2%, Table 1 ). No signiÞcant differences were found among oocyte number by stage (F ϭ 1.72, df ϭ 4, P ϭ 0.143). No signiÞcant differences were found between the mean number of combined immature (ChristophersÕ stages less than V) and mature (ChristophersÕ stage V) oocytes per female (t ϭ Ϫ1.31, df ϭ 382, P ϭ 0.19). This was true even when the data for those immature oocytes that may degenerate before maturing (ChristophersÕ stages IIIaÐIIIb) were removed from the analysis (t ϭ Ϫ1.34, df ϭ 360, P ϭ 0.18).
Results

Comparison of
Effect of Body Size on Number of Oocytes. Mean female wing length was 2.68 Ϯ 0.01 mm, with a range of 1.91Ð3.30 mm, and median of 2.71 mm. Egg batch size increased signiÞcantly as a function of wing length (Fig. 1) . Thirty-four percent of the variability in oocyte count was explained by variability in wing length.
Oocyte counts for females categorized into small, medium and large groups based on wing length are presented in Table 2 . No signiÞcant differences were detected when the number of mature versus immature oocytes were compared within these size classes.
Discussion
Our Þeld results from Thailand did not support the hypothesis that female Ae. aegypti disseminate their eggs among several different oviposition sites in the wild. Analysis of egg production data from a published study conducted in Puerto Rico (Morrison et al. 1999) indicated the same result when released females were recaptured over Þve consecutive days, and the number of oocytes in both ovaries of recaptured females was recorded. In that study, no signiÞcant difference was found in the mean number of stage IIIÐIV eggs (mean ϭ 106.7 Ϯ 1.6) compared with stage V eggs (mean ϭ 104.3 Ϯ 1.8) in females that were released and recaptured.
Our methods were an indirect assessment of skip oviposition; we measured the number of mature eggs that remained in the ovaries of resting females compared with the number of maturing eggs. If females exhibit skip oviposition, we expected to collect some females that had laid some but not all of their mature eggs resulting in a smaller mean number of mature eggs compared with developing eggs in wild females. Although the behavior of spreading progeny from the same egg batch among several containers has been demonstrated in the laboratory (Fay and Perry 1965 , Chadee et al. 1990 , Corbet and Chadee 1993 , this behavior may not be common among wild females, at least in all situations. For example, after forcing female Ae. aegypti to retain their eggs in the laboratory, Chadee (1997) reported that they laid all of their eggs in one site. Furthermore, risks associated with females searching for multiple oviposition sites in the Þeld may be greater than the potential advantages gained by their offspring.
The fact that a small number of Ae. aegypti eggs commonly are found in small diameter size surveillance ovitraps does not provide strong evidence for skip oviposition. The small numbers of eggs may be due to the small size of the surveillance container placed in an area where large water jars and bathroom basins may be preferred oviposition sites for this species.
We were limited to four different collection methods for this study: gravid ovitraps, biting collections, baited trap collections, and resting collections. We chose resting collections because it was the least biased, whereas gravid traps would only collect ovipositing females and biting collections and baited traps would only capture host seeking females. We collected mosquitoes in all physiological stages (engorged, half gravid, gravid, and empty). Because 37% were in previtellogenic stages GÐII and early IIIa and an equal number of females had oocytes in other stages of development, we were conÞdent that our sample was representative. We collected indoors because several workers have demonstrated that Ae. aegypti prefer to rest indoors (Russell et al. 1969 , Reiter and Gubler 1997 , Scott et al. 2000 , feed indoors (Russell et al. 1969 , Gould et al. 1970 , and also prefer to oviposit indoors in our study area (Kittayapong and Strickman 1993) . We also conducted our collections Body size categories were based on wing length as follows: small ϭ wing length Ͻ 2.35 mm; medium ϭ wing length 2.35 mm and 2.65 mm; large ϭ wing length Ͼ2.65. Means followed by the same letter are not signiÞcantly different from each other (P Ͼ 0.05).
during the daytime when Ae. aegypti actually laid their eggs.
The few Þeld studies that have been conducted to determine when Ae. aegypti lay their eggs have demonstrated a diurnal pattern of oviposition, with a major peak in activity from 1600 to 1700 hours or 1600 to 1800 hours and a smaller peak from 0600 to 0800 h in Kenya and Trinidad (McClelland 1968 , Chadee and Corbet 1987 , and Corbet and Chadee 1992 . Corbet and Chadee (1992) recorded lower but continual oviposition of females during the day (from 800 to 1600 hours) in Trinidad, but no oviposition at night. During the dry season, greater oviposition activity was observed between diel peaks than during the wet season in Trinidad (Corbet and Chadee 1992) . We conducted indoor resting collections from 0800 to 1600 hours in the period between observed diel peaks in outdoor oviposition activity (McClelland 1968 , Chadee and Corbet 1987 , and Corbet and Chadee 1992 . It is possible that with outdoor collections and with collections made at other times of the day we might have encountered some females with reduced numbers of mature eggs. Nonetheless, there were many suitable oviposition sites located within houses in Thailand. Kittayapong and Strickman (1993) found that infestation of indoor containers by Ae. aegypti was significantly greater than outdoor containers. We focused our collections around these indoor breeding sites. If skip oviposition was a common phenomenon, we should have collected some females in between oviposition events. We also have noticed in mark-recapture studies, in which engorged cohorts were released, that most recaptures were gravid 2 and 3 d later and most were empty or refed 3Ð 4 d later (Morrison et al. 1999) . This indicated that eggs were laid soon after they are matured, but it does not exclude the possibility of them being deposited at several sites during a single, protracted bout of oviposition activity. It also has been demonstrated that the length of the gonotrophic cycle varies in the Þeld (Morrison et al. 1999 ) and this could explain the results of Reiter et al. (1995) where rubidium marked eggs were collected over several days. The detection of marked eggs over several days also could result from marked eggs being laid by the same female during different gonotrophic cycles. Reiter et al. (1995) speculated that individual gravid females in Puerto Rico deposited their eggs over several days. Results from our study in Thailand and reanalysis of Puerto Rico data presented by Morrison et al. (1999) do not support such a conclusion.
